ABSTRACT. Pitaya is a fruit that is becoming promising for cultivation around the world due to the quality of its fruits in terms of taste and their peculiar external shape. Because it is a recenttly cultivated crop, information about fertilization is essential to enable its production. In this sense, this study was performed aiming to evaluate different doses of K 2 O for pitaya cultivation. Hylocereus undatus and Hylocereus polyrhizus were studied under field conditions. Pitayas were cultivated at a 3 × 3m spacing, and four doses of K 2 O were tested: 0, 50, 100, and 200 g plant , with a 2 × 4 factorial arrangement distributed in a randomized block design. The production per plant (kg and number of fruits) was evaluated in the production cycles of 2013/2014, 2014/2015, and 2015/2016. The fruit quality was also evaluated: longitudinal diameter, transverse diameter, mass, soluble solids content, titratable acidity and soluble solids/titratable acidity ratio. Potassium fertilization increased production and provided a better quality of pitaya fruits. 
Introduction
The consumption of exotic fruits has significantly increased over recent years, promoting the interest of producers and traders. Among the exotic fruit species with great potential for marketing is pitaya (Hylocereus sp.), a vine cacti native to the tropical forests of Mexico and Central and South America .
In Brazil, pitaya cultivation is in the expansion phase, with the largest producing area located in the state of São Paulo, especially the region of Catanduva (Bastos et al., 2006) . Although it is a small fruit compared to other commercialized fruits, it is becoming more popular in marketing centers due to its exotic appearance and organoleptic properties (Marques, Moreira, Ramos, Araújo, & Silva, 2011; Moreira et al., 2011) .
To expand the area of pitaya cultivation in this country, knowledge about crop management is necessary, especially in regard to fertilization.
Although it is considered to be a hardy species due to its adaptation to different climatic and soil conditions, pitaya needs balanced fertilization to supply its nutritional demand, satisfactorily enabling its growth and production (Corrêa, Almeida, Marques, Vale, & Aquino, 2014) .
In Brazil, fertilization is performed as needed sporadically or based on doses recommended in other countries with different climatic and soil conditions (Cavalcante et al., 2011) because there is no information regarding plant nutrition for growth and satisfactory production.
For accurate nutrient recommendations, knowledge about the nutritional state of the species is necessary, which takes into account the physiological ecology and the plant growth rate. Thus, the extrapolation of results that have been obtained in other cropping systems is not recommended (Souza, Pio, Coelho, Rodas, & Silva, 2015) .
Among the essential nutrients for culture, potassium is highly required, participates in many biochemical processes, and, when properly applied, favors the quality of pitaya fruit (Then, 2013) .
Studies about potassium fertilization for pitaya in Brazil are still in the initial stages. In this sense, this study was performed with the aim to identify suitable doses of potassium in the production and fruit quality of two pitaya species.
Material and methods
The experiment was conducted in an orchard located 726 meters above sea level, 18° 04' 15"S latitude and 43° 28' 15"W longitude.
The climate according to Koppen and Gleiger is AW, classified as tropical with a dry winter season, with an average temperature of 24°C in the hottest month and 18.4°C in the coldest month and an average annual temperature of 21.5°C. The average annual rainfall is 1,246 mm, with well-defined dry and rainy seasons.
During the research period, the variation in temperature was recorded using a digital MT 240 MINIPA thermo hygrometer, and rainfall data were collected with the use of a rain gauge, both of which were installed in the experimental area (Figure1).
Two species of pitaya, Hylocereus undatus (Haw.) Britton & Rose and Hylocereus polyrhizus (Web.) Britton & Rose, which were ten months old and established from 1 m long cuttings, were planted in January 2013. Before planting the pitayas, soil analyses of the experimental area at the depths of 0-20 cm and 20-40 cm were performed (Table 1 ). Table 1 . Chemical analysis of the soil in the experimental area before plantingat the depths of 0-20 and 20-40 cm. The holes in which the pitayas were transplanted were 0.5 × 0.5 × 0.5 m, prepared with 200 g of dolomite lime (PRNT = 87%), 20 L of manure, and 300 g of single superphosphate (P 2 O 5 = 18.0%, Ca = 18.0%, and S = 20.0%).
The pitayas were attached to eucalyptus fence posts at 1.80 m in height at a spacing of 3 × 3 m. A 1 m long beam was positioned at the end of each fence post, forming a "T"-shaped structure. The plants were attached by a single cladode to reach the desired height; they were later pruned to form the productive shoots.
The experimental design was randomized blocks, with a 2 × 4 factorial design. The factors were two pitaya species and four doses of K 2 O: 0, 50, 100, and 200 g per plant, with four blocks and three plants per plot.
The source of K used was potassium chloride (58% of K 2 O). The tested doses were split in three months (November, January, and April of each year). In these months, 100 g of N per plant was also applied using ammonium sulfate (20% of N and 22% of S).
One hundred and twenty grams of Yoorin Master Irrigation was performed weekly, and weed control was conducted by hand up to 40 cm from the plant. The rest of the area was mowed.
The production per plant (kg and number of fruits) was evaluated in the production cycles 2013/2014, 2014/2015, and 2015/2016. Fruit quality was analyzed using representative samples collected on each fertilization treatment. Ten fruits per plot were collected when they presented a peel with red coloration. The following parameters were evaluated: longitudinal diameter (mm), transverse diameter (mm), mass (g), soluble solids content (°Bx), titratable acidity (% of malic acid) and soluble solids/titratable acidity ratio.
In June 2014 and June 2015 soil samples were collected after harvesting the fruits for the analysis of the nutrient content in the soil. Cladode samples were collected in September 2014 and September 2015.
For the evaluation of soil fertility, samples were taken with a Dutch auger at a distance of 0.2 m from the main cladode and at a depth of 0 -0.2 m for each plant, forming a sample composed of each experimental plot. The cladodes that were removed to compose the sample were one year old, with an average size of 0.4 m and a healthy appearance. Each sample was composed of five cladodes per plot.
The data were submitted to analysis of variance, and the K 2 O doses were submitted to polynomial regression analysis (p < 0.05). The species of pitaya were compared by the F test (p < 0.05).
Results
In the 2013/2014 productive cycle, differences were observed among the K 2 O doses in terms of the number of fruits and production per plant ( Figure  2A In 2015/2016, differences only occurred among K 2 O doses in terms of the production per plant. The species produced an average of 36 fruits per plant ( Figure 2E ), and the productionin kg per plant showed an increase of 54.2% in H. undatus with 200 g of K 2 O ( Figure 2F ).
Potassium fertilization also influenced fruit quality. In the 2013/2014 cycle, differences in the mass and diameters of the fruits were observed among theK 2 O doses and between the two pitaya species. The largest fruit sizes produced by H. undatus were observed in plants fertilized with 124.3 and 133.3 g of K 2 O, with increases of 79.8% in mass, 21.2% in transverse diameter and 22.6% in longitudinal diameter. In H. polyrhizus, fruits of larger sizes were observed in the plants fertilized with 127.4 and 138.3 g of K 2 O, with increases of 36.1% in mass and of 12.9% and 6.9% in transverse and longitudinal diameters, respectively ( Figure 3A and B). In the following two cycles, differences in the mass and diametera of the fruits were observed only in H. undatus. In the 2014/2015 cycle, fruits of H. undatus increased 25.3% in mass, 25.2% in transverse diameter and 25% in longitudinal diameter with 200 g of K 2 O per plant ( Figure 3C and D) , while in the 2015/2016 cycle, the fruit mass increased 21.9%, the transverse diameter 22.2%, and the longitudinal diameter 21.9% in the plants also fertilized with 200 g of K 2 O ( Figure 3E and F) .
Regarding the soluble solids, acidity and soluble solids/acidity ratio, differences were observed only between the species of pitaya. H. polyrhizus produced fruits with the highest soluble solids, whereas H. undatus produced the most acidic fruits. These differences between the species contributed to an increase in the soluble solids/acidity ratio in the fruits of H. polyrhizus (Table 2) .
The levels of K in cladodes increased linearly as a function of the doses of K 2 O applied to the soil ( Discussion H. undatus was more productive than H. polyrhizus under different K 2 O applications because they are different species (Figure 2 ) with distinct needs in relation to potassium fertilization.
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The response of the plants to potassium fertilization occurred because the soil had low K availability according to the initial analysis performed at the beginning of the orchard installation in this study (Table 1) . Thus, the fertilization allowed K to become available to the plants, performing essential functions such as assimilation and storage of assimilates (Meurer, 2006 ).
An increase in pitaya production has been reported under different growing conditions and fertilizer combinations. In Bangladesh, H. polyrhizus yield increased from 12.88 t ha -1 to 31.64 t ha -1 with 250 g of K 2 O, 540 g of N, and 310 g of P per plant (Chakma, Harunor Rashid, Roy, & Islam, 2014) .
The response of plants to potassium fertilization depends on the species and the soil fertility conditions in which they are cultivated. In the present study, an increase in H. polyrhizus production occurred only in the 2013/2014 cycle, the first year after orchard establishment (Figure 2A and B). In the two harvests evaluated later, the K levels in the soil increased, even in the plants without K 2 O application ( Figure 2C , D, E, and F). This consequently contributed to the increased production. This observation may be explained by the addition of 5 L of bovine manure that was performed every year for all plants, contributing to the elevation in K levels in the soil, even for those plants without K 2 O application.
The yields observed in the third year (8.7 t ha -1 for H. undatus and 7 t ha -1 for H. polyrhizus) are promising because in a H. undatus orchard aged 3 years old with bovine and chicken manure fertilization, the productivity was only 2.6 t ha -1 (Marques, Ramos, Araújo, & Moreira, 2012) . In the present experiment, chemical fertilization contributed to causing the plants to begin production in the first year after planting, and in the second cycle, pitaya productivity was approximately 8 t ha for H. polyrhizus ( Figure 2D ). These results make the importance of adequate fertilization to obtain satisfactory pitaya yields evident.
Pitaya orchards reach production stability between the 5 th and 6 th year of cultivation and, depending on the management employed, can producefor 15 to 20 years (Nerd, Tel-Zur, & Mizrahi, 2002) . The average yield is 10 to 30 t ha -1 , varying according to the soil and climatic conditions, orchard age and cultivation techniques (Le Bellec, Vaillant, & Imbert, 2006) .
The highest fruit size observed with the application of K 2 O to the soil (Figure 3) indicates the contribution of fertilization to the improvement in fruit quality because K promotes the transport of photoassimilates to storage organs such as fruits and participates in the formation and translocation of sugars (Senapati & Santra, 2009 ).
An increase in H. polyrhizus fruit size with potassium had already been verified by Then (2013) . This author verified that potassium application promoted a higher number of fruits classified in category A, with a mass of approximately 450 g per fruit, similar to that observed in the present study, in which fruits of greater mass were observed in plants fertilized with 200 g of K 2 O. Size is an important characteristic in the market because the largest fruits garner the best prices.
Plants well supplied with K experience an increase in K in their tissues and consequently a reduction in water potential, favoring a greater accumulation of water and an increase in fruit mass (Montoya, Spinoia, Garcia, & Paredes, 2002) .
Although the results observed in the last two cycles show linear responses, the species does not respond indefinitely to an increase in potassium fertilization. The responses are dependent on an internal balance of nutrients, which also involves physiological processes of incorporation (Marodin et al., 2010) .
Regarding the chemical characteristics of the fruits, the observed differences indicate that each species shows intrinsic properties and the ability to synthesize different organic compounds since the pitaya species were submitted to the same management practices and presented different results in relation to the soluble solids and titratable acidity (Table 2 ).
These differences observed in soluble solids and acidity between the fruits of H. polyrhizus and H. undatus may be attributed to their genetic characteristics, which may be influenced by fertilization as well as the soil temperature and humidity in irrigated orchards or rainfall during fruit harvest (Figure 1) .
Although there was no difference in soluble solids and titratable acidity with potassium fertilization, it should be noted that there was an increase in production and fruit size (Figures 2 and  3 ). Higher yields and fruit size require a greater amount of photoassimilates, and they are therefore distributed between the sink and the dilution of sugars in the fruit pulp. Nevertheless, the results observed were superior to H. undatus fertilized with different organic sources, which showed fruits with soluble solids from 11.87 to 12.95°Bx , and to fruits harvested in commercial orchards in Nicaragua, with soluble solids from 7 to 11°Bx (Vaillant, Perez, Davila, Dornier, & Reynes, 2005) .
It can be noticed that high levels of soluble solids improve fruit flavor, making them more attractive to consumers, who consider pitaya fruit as mild-tasting due to the low concentration of sugars and acidity (Cordeiro, Silva, Mizobutsi, Mizobutsi, & Mota, 2015) .
Potassium fertilization did not directly influence the chemical characteristics of fruits, possibly due to the adequate nutrient content in the plants at all fertilization levels. Therefore, it is important to apply fertilization with this element in a balanced way because this nutrient can be lost by leaching. Moreover, excessive application may inhibit absorption due to competition in soil with other nutrients, such as calcium and magnesium (Andreotti, Rodrigues, Crusciol, Souza, & Büll, 2001) . Another important point to be taken into consideration is that excess application contributes to higher production costs, thus reducing profit.
As for the increasing of K levels observed in cladodes due to the application of K 2 O (Figure 4 ), these can be explained by the so-called "luxury consumption" element, which occurs when a nutrient that is available in abundance is often absorbed by plants in quantities that are higher than necessary.
The linear increase in K levels available in the soil was expected because this element was used in increasing quantities with the fertilizations (Figure 5 ), similar to the results obtained by Almeida, Corrêa, Crisostomo, Araújo, and Silva (2014) .
These results demonstrate the need to carry out potassium fertilization, which favors an increase in K levels in the dry matter of plants and also promotes higher production and an improvement in fruit quality.
Conclusion
Potassium fertilization increased production and provided a better quality of pitaya fruits.
K 2 O fertilization should be from 106.0 to 133.3 g K 2 O in the first year and 200 g K 2 O in the second and third years after planting.
